Two previous reports have examined certain aspects of the problem of incompatibility between mother and child with respect to the A-B-O blood groups for samples drawn from Australian Maternity hospitals. In the first of these, Bryce and others (1950) examined the mother-child blood-group combinations for 7,909 women confined in the Queen Victoria Hospital, Melbourne, during the years 1944-48. In certain mother-child combinations they observed striking differences from expectation. These differences were significant for the excess over expectation of group A infants born to group B mothers, and for the deficiency of group AB infants born to group A mothers. There was also a marked, but not significant, deficiency of group A infants to group 0 mothers. The analysis suggested also the possibility that AB women are more fertile than women belonging to other blood groups.
groups.
The second study, by Kirk and others (1953) , examined the pregnancy experience of women of different blood groups confined in the King Edward Memorial Hospital, Perth, during the years 1948-51. A polynomial function fitted to the difference in the average number of pregnancies between women of group 0 and group A for each year of age from 16-40 showed a significant excess of pregnancies in group A women between the ages of 25 and 35, with a tendency for group 0 women to equal or surpass group A women over the age of 35. These authors suggested that the excess of pregnancies in group A women in the decade centred in age 30 might be due to the selective loss of children to group 0 women in incompatible mating groups, and that group 0 women in compatible mating groups are more fertile, and their child-bearing activities more prolonged than those of group A women.
Since these reports were published, we have been able to add further material to both the Melbourne and Perth samples. These cities differ appreciably in size and social structure, and the reproductive patterns of the women in the two samples are significantly different. We thought it desirable therefore to analyse this extended material so that similarities and differences would be emphasized. Certain information was not always available for both samples for the whole of the period under study. In addition the heavy immigration of nonEnglish people into Australia during the post-war years has introduced a heterogeneity into the samples for which due allowance must be made if errors in deduction are to be avoided. Despite these difficulties, however, the results recorded below indicate the value of this type of analysis in studying the effects of blood-group incompatibility on pregnancy experience.
METHODS
The source of the samples, and the techniques of collecting data and determining blood-groups have been given in detail by Bryce and others (1950) and Kirk and others (1953) . In addition to the samples analysed in these two (Bryce and others, 1950; Kirk and others, 1953) . No information was available for the earlier Melbourne sample with respect to mother's age or parity, and whether she was of English or nonEnglish name. Tables I-III give the basic data for the difference tends to increase linearly with age, and in the fitted curve the linear term accounts for the bulk of the variation. Unlike the earlier and smaller Perth sample, there is no longer any apparent tendency for group 0 women to compensate over the age of 35 for the clear-cut deficiency in pregnancy experience of group 0 women between the ages of 25-35. We can conclude, therefore, that in the Perth 1948-53 sample, women of group A have experienced relatively more pregnancies than group 0 women: not only is the difference in the means significant, but the difference increases linearly with age.
A similar analysis applied to the difference in mean number of pregnancies experienced by women of English name of groups A and 0 in the Melbourne 1942-53 sample shows no consistent trend, only the quintic term in the polynomial having any significance. At first this result seems surprising, since the Perth and Melbourne samples are approximately the same size. A more detailed examination of the data in Table V reveals that a trend similar to that present in the Perth sample is present in the earlier age groups, but the variation from year to year above age 35 becomes very great in the Melbourne sample. In fact the polynomial fitted to the differences between group A and group 0 women from age 16 to 33 reveals a significant trend, the linear and quadratic terms accounting for the bulk of the variation. It should be pointed out clearly, however, that even though the trend in pregnancy experience in the younger age groups is the same in both the Melbourne and Perth samples, the difference between group A and group 0 women in Melbourne is never as large as is the case in Perth.
It seems likely that the discrepancy between the analysis for the Perth and Melbourne samples is related to the difference in the overall pregnancy experience of women in the two samples. The Perth women of English name have had 0*23 more pregnancies per woman than the corresponding women in Melbourne, the difference being highly significant (t = 7;97, P < 0 001). The difference in pregnancy experience between group 0 and group A women will almost certainly be less marked in the sample with the smaller average number of pregnancies per woman. The importance of bearing in mind the difference in pregnancy experience when comparing the relationship of blood groups to fertility in samples from difference places will be discussed more fully in a later section.
(4) Mother-Child Blood-Group Combinations.-For the Melbourne sample the blood-group of the child has been determined in addition to that of the group.bmj.com on June 24, 2017 -Published by http://jech.bmj.com/ Downloaded from (Melbourne, 1952 and 1953; Perth 1948 Perth to 1953 Melbourne, 1952 and 1953 Perth, 1948 (Stevens, 1938) , and the values finally used were p = 0 246,193, q = 0 070,035, and r = 0-683,772.
A comparison of the observed and expected values reveals discrepancies of the kind noted in our earlier paper (Bryce and others, 1950 If the discrepancies noted above are due to the selective action of immune antibodies reacting with foetal tissues we might expect the distribution of mother-child combinations to be different for first-born, second-born, third-born children, etc. This can be investigated for single births in the Melbourne 1952-53 sample. If the number of group A and B children to group 0 mothers is compared with the group 0 children to group A and B mothers respectively (Table VIII) , it will be seen that there is no deficiency in the former case for first-born children. There is, however, a marked deficiency for second-and third-born group A and B children to group 0 mothers when compared with second-and third-born group 0 children to group A and B mothers, though the difference disappears again for the fourth and higher-born children. The expected number of each birth rank has been calculated using the gene frequencies based on the total mother sample. A comparison of the observed and expected values for each birth rank in each motherchild combination confirms the conclusions reached above which were based on direct comparisons within the body of the Table. 
DISCUSSION
The present study of two large samples of mothers from Australian maternity hospitals is of interest for the current discussion of selective action within the ABO blood-group system. This problem has been reviewed recently by Neel (1954) and it is clear that even though nearly 30 years have elapsed since Hirszfeld and Zborowski (1925) first noted the deficiency of group A children in families where the mother is group 0 and the father group A there has still been no satisfactory assessment of all the evidence now available.
Levine (1943) collected evidence which supported
Hirszfeld's original view that matings A <3 x 0 y produced fewer offspring than reciprocal matings 0 S and A ?. Waterhouse and Hogben (1947) in a more detailed study of the same problem arrived at similar conclusions for their A x 0 matings, though the B x 0 matings showed a discrepancy opposite to that which would be expected on the basis of selection in incompatible mating groups. Waterhouse and Hogben's work has been criticized recently by Bennett and Brandt (1954) . This criticism rests in part on the heterogeneity of families segregating for group A and 0 children in the twelve samples included in their survey. Waterhouse and Hogben drew on family studies of ABO bloodgroups carried out in a number of different countries. Matsunaga (1953) has now made a similar study based solely on Japanese material and finds a significant deficiency of children in matings A c3 x 0? and B d x 0 ?. In a further study of two mining communities in Hokkaido, Matsunaga and Itoh (1954) have demonstrated a highly significant reduction in the number of living children for women in A-B-O incompatible mating groups compared with those in compatible mating groups.
A different approach was made to the problem by Boorman (1950) and by Bryce and others (1950) . If group A or B children are being selectively eliminated by group 0 mothers, the mother-child combinations for large unselected samples of mothers having babies should reveal deviations from expectation. In both these studies there was no significant deficiency of group A or B children born to group 0 mothers, though in the much larger Australian sample studied by Bryce and others (1950) a marked deficiency was found in group A children to 0 mothers. These authors draw attention in their work, however, to much bigger discrepancies, which are present also in Boorman's study, principally the deficiency of group AB children to A and B mothers, and the excess over expectation of group B children to group A mothers and group A children to group B mothers. These two latter discrepancies are difficult to reconcile with the concept of foetal loss through selection in incompatible matings, since both A mother-B child and B mother-A child are incompatible. A somewhat similar study by Johnstone (1954) of an English maternity hospital sample included the blood groups of the fathers as well as of the mothers and children He found no deficiency of group A children in matings A & x 0 ? and points out that if the expectations are distributed in the usual way there is in fact a significant deficiency of group 0 children in matings 03' x AS?. This discrepancy, too, is difficult to reconcile with incompatible selection as ordinarily defined, nor are we yet aware of any clinical or serological evidence which could account for the magnitude of the selective effect stated for the loss of group 0 children to group A mothers.
Data based on maternity hospital samples of the kind published by Boorman (1950) and Johnstone (1954) must be interpreted with caution when use is made of them for comparison with studies such as those of Waterhouse and Hogben, and Matsunaga. In these latter investigations the material was collected in the main for studies of inheritance of particular genes, so that the proportion of one-child families was low. In both Boorman's and Johnstone's samples, however, the mean number of pregnancies per woman was less than two, approximately 50 per cent. of the mothers being primiparae. If selective action within the ABO blood groups is in any way comparable to that in the Rh system, very much larger samples than those presented by Boorman and Johnstone would be required to manifest the effects they were looking for if the majority of the women in the sample are experiencing only their first or second pregnancy.
Indeed such information relevant to the question of the influence of incompatibility on pregnancy experience as can be extracted from their published data suggests that selective action is occurring in higher birth-ranks. In Boorman's data the mothers who are classed as incompatible for the A antigen suffer a marked deficiency in their pregnancy experience above the age of 20 compared with compatible mothers, the difference increasing with age. At age 4049 the figures are 2 91 and 3 86.
Similarly an examination of Our own studies of two Australian maternity hospital samples emphasize the necessity for caution in interpreting samples of this kind. Drawn from two separate populations, the Perth and Melbourne samples are significantly different from one another in age structure and overall pregnancy experience per woman. Using a simple name analysis, both samples can be broken up into an English and non-English name group, there being a highly significant difference in blood-group frequency between the English and non-English name groups for both places. It is possible that the use of more refined techniques could split each of these samples into a still larger number of groups of more homogeneous composition.
A comparison of the English name groups in each sample brings out the following points. Group A women in both samples have experienced slightly more pregnancies than have group 0 women. The difference is significant for the Perth sample but not so for Melbourne. A more detailed study of the difference in pregnancy experience by each year of age for group 0 and A women suggests, however, that the tendency for group A women to experience an increasingly large number of pregnancies with increasing age as compared with group 0 women is true in Melbourne as well as in Perth. That the differences are much smaller in the Melbourne sample is undoubtedly due to the highly significant difference in pregnancy experience of the women in the two samples.
A comparison of the expected and observed number of children in various mother-child combinations for ABO blood groups reveals a number of significant discrepancies. The highly significant deficiencies of group A children to group 0 mothers and of group AB children to group A and B mothers supports the hypothesis that mother-child incompatibility is eliminating a proportion of the incompatible children. This simple explanation, however, cannot account for the observed excess of group B children to group A mothers and of group A children to group B mothers. These latter discrepancies still await a satisfactory explanation.
A study of mother-child combinations by birth rank for the Melbourne sample shows no deficiency of group A or B children born to group 0 mothers in the first birth rank, but a marked deficiency in the second, and an even greater deficiency in the third. This study lends support to the concept that a proportion of women of blood group 0 progressively suffer a reduction in fertility due to the operation of selection in incompatible pregnancies. Many of the other possibilities related to the general problem of blood group polymorphism in man must await the accumulation of still larger samples before answers approaching the decisive can be given to the questions raised.
SUMMARY
(1) Two Australian maternity hospital samples have been analysed to throw light on the problem of incompatibility between mother and child within the ABO blood-group system. The first sample comprised mothers entering the Queen Victoria Hospital, Melbourne, during the years 1944 48 and 1952-53. The other sample comprised mothers entering the King Edward VII Maternity Hospital, Perth, during the years 1948-53.
(2) The Melbourne and Perth samples revealed highly significant differences in blood-group distribution between women of English and non-English name, but there were no significant differences in blood-group distribution between the Melbourne and Perth samples for women of English name, or for women of non-English name compared separately. Melbourne and Perth did differ significantly, however, in the age composition and in the overall pregnancy experience of all women in the samples.
(3) In both Melbourne and Perth group A women had a higher average number of pregnancies than group 0 women. The difference was significant for (5) A breakdown of mother-child blood-group combinations by birth rank reveals that the deficiency of group A and B children to group 0 mothers is absent for first-born children, present for second-born children, and greatest for third-born children.
(6) These results are discussed in relation to other work of a similar kind, and it is suggested that the results presented support the hypothesis that incompatibility between mother and child in the ABO blood-group system results in selective loss of a proportion of incompatible children. pressure 10 g./mm.2 for boys and girls from age 2 years upwards are given for biceps, triceps, subscapular, sub-costal, supra-iiac and abdominal regions. Standard errors at the different ages are also included.
(5) The caliper measurements have been transformed into equivalent actual fat thickness as measured from x-ray photographs.
(6) Mean measurements for different nutritional and social groups descend from good to poor nutrition and from high to low social class, but the highest groups in both cases show little difference from the age standards.
(7) The frequency distribution of subcutaneous fat measurements is positively skewed, and it is suggested that this may be partly due to the inclusion of a condition of obesity acting as a separate entity. Research is needed to differentiate over-fat or overthin children on clinical grounds ofhealth and optimal functioning.
(8) Methods of estimating the total quantity of subcutaneous fat in the body from measurements of surface area and a representative set of caliper measurements are being studied.
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